Abstract. An insulinoma is characterized by endogenous hyperinsulinemia and hypoglycemia. However, it has been reported that insulinomas with normal levels of plasma insulin and a normal insulin to glucose ratio occur in patients with hypoglycemia. Although overproduction of Insulin-like growth factor II (IGF-II) by non-islet cell tumors such as large mesenchymal tumors, can cause hypoglycemia, no cases of circulating plasma IGF-II from an islet cell tumor contributing to hypoglycemia have been reported. We report here a rare case of a pancreatic islet tumor in a patient with hypoglycemia that was associated with increased plasma IGF-II, which returned to normal after tumor resection. HYPOGLYCEMIA is a common medical condition with many causes. Although hypoglycemia is most common in patients with diabetes mellitus, it also occurs in patients with renal insufficiency, liver disease, congestive heart failure, autoimmune disorders or cancer [1] . An insulinoma, which is the most common type of islet cell tumor, is characterized by endogenous hyperinsulinemia and hypoglycemia [2] . However, insulinomas with normal levels of plasma insulin and a normal insulin to glucose ratio have been reported in hypoglycemic patients [3] . Insulin-like growth factor II is structurally and functionally related to insulin [4] , and overproduction of IGF-II by non-islet cell tumors such as large mesenchymal or epithelial tumors, can cause hypoglycemia [5] . In addition, IGF-II also expressed by insulinproducing tumor cells in the pancreas, as well as some endocrine pancreatic tumors that also produce other peptides such as glucagons [6] . However, there have been no reports of circulating plasma IGF-II produced by islet cell tumor contributing to hypoglycemia.
HYPOGLYCEMIA is a common medical condition with many causes. Although hypoglycemia is most common in patients with diabetes mellitus, it also occurs in patients with renal insufficiency, liver disease, congestive heart failure, autoimmune disorders or cancer [1] . An insulinoma, which is the most common type of islet cell tumor, is characterized by endogenous hyperinsulinemia and hypoglycemia [2] . However, insulinomas with normal levels of plasma insulin and a normal insulin to glucose ratio have been reported in hypoglycemic patients [3] .
Insulin-like growth factor II is structurally and functionally related to insulin [4] , and overproduction of IGF-II by non-islet cell tumors such as large mesenchymal or epithelial tumors, can cause hypoglycemia [5] . In addition, IGF-II also expressed by insulinproducing tumor cells in the pancreas, as well as some endocrine pancreatic tumors that also produce other peptides such as glucagons [6] . However, there have been no reports of circulating plasma IGF-II produced by islet cell tumor contributing to hypoglycemia.
Here, we describe a rare case of a pancreatic islet cell tumor in a patient with hypoglycemia that was associated with increased plasma IGF-II levels, which returned to normal after tumor resection.
Case Report
A 65-year old woman was admitted to our hospital after experiencing recurrent episodes of cold sweats and palpitation for 5 years. These symptoms developed when she was hungry or early in the morning, and then disappeared after eating. The incidence of these symptoms had gradually increased and she experienced general weakness and sweating the day before admission. At the time of admission, she was taking cilnidipine (10 mg/day) and irbesartan (150 mg/day) for arterial hypertension, and Hashimoto's thyroiditis had been detected 3 years prior to admission at our facility, but it was well-controlled without pharmacological treatment. She did not smoke or drink and had no family history of endocrine disorders or diabetes.
Upon admission, she was 153 cm tall and weighed 75.5 kg. She gained about 10 kilograms for 5 years. She had a body temperature of 36°C, a heart rate of 60 beats/min, and a blood pressure of 140/90 mmHg. Physical examination was unremarkable and chest films were normal. Biochemical data were all within the normal limits, and thyroid function studies showed no abnormalities. Anti-thyroglobulin antibodies were positive.
A prolonged fasting test was performed, during which time blood sample were collected every 6 hours to assay the plasma glucose and insulin values. After 54 hours of fasting, she developed sweating and weakness, therefore the test was stopped and venous sampling was performed. Venous sampling indicated that the plasma glucose level was 45 mg/dL and immunoreactive insulin level was undetectable. In addition, the ratio of plasma insulin (µU/ml) to glucose (mg/dl) (I/G) was below 0.02 (cut-off value <0.3) and the Cpeptide level was 1.6 ng/ml (reference range: 0.3-3.8) (Table 1) . Additionally, the glucagon concentration was 66.9 pg/ml (59-177), the growth hormone concentration was 3.7 ng/ml (0-10), the epinephrine concentration was 15.7 pg/ml (0-110), and the concentration of cortisol was 12.6 µg/dl . Furthermore, the plasma IGF-I level was 274 ng/ml (71-290), and the IGF-II level was 2889 ng/ml (467-1038). Anti-insulin antibodies were not detected. Administration of glucose led to immediate relief of her symptoms, therefore Whipple's triad was satisfied. The ACTH level (0800 h) was 58.2 pg/ml (0-60), and the cortisol responses to the standard ACTH (cosyntropin 250 µg) stimulation were as follows: basal, 9.3 µg/dl; 30 min, 20.5 µg/dl; 60 min, 21.8 µg/dl.
Chest Computed tomography (CT) revealed no abnormal findings. However, abdominal CT showed a mass in the head of pancreas that was approximately 1.5 cm, as well as several small simple cysts in the liver. Endoscopic ultrasonography revealed a hypoechoic lesion in the pancreatic head near the uncinate process and no evidence of surrounding lymph node enlargement. Magnetic resonance imaging (MRI) of the pancreas was performed for further evaluation ( Fig. 1) , The gadolinium injection revealed peripheral ring enhancement upon arterial enhancement (B). There was no dilatation of the pancreatic duct or significant lymph node enlargement. There were several small cysts in the liver (not shown).
and the patient underwent surgery. During surgery, a 1.5 × 1.5 cm sized tumor was found and removed ( Fig. 2A) . The tumor cells had round and uniform nuclei ( Fig. 2B-C) , and immunohistochemical (IHC) examination revealed an adenoma originating from the islet cells, which expressed chromogranin A, synaptophysin and insulin ( Fig. 2D-E and data now shown). The tumor cells were also IGF-II immunoreactive (Fig. 2F) . Because both insulin and IGF-II immunoreactivity were exclusively localized within the cytoplasm of tumor cells, the specimens were cut at 2 µm, and the serial specimens were examined whether the same tumor cells had immunoreactivity for both insulin and IGF-II. DAB (Diaminobenzidine) and AEC (3-Amino, 9-Ethyl Carbazole) chromogens were applied to develop the IGF-II and insulin stain, respectively. The insulin and IGF-II immunostaining showed a cytoplasmatic distribution pattern in same tumor cells, which suggested that the same tumor cells might secrete both peptides (Fig. 2G-J) . Postoperatively, the plasma IGF-II level fell to 680.81 ng/ml (reference range: 467-1038), and the fasting plasma glucose and insulin level were 93 mg/dl and 10.6 µU/ml respectively. The patient had a complete recovery from the previous symptoms and remained normally glucose tolerant.
Discussion
Although insulinoma derived from pancreatic β cells is a rare disorder [7] , it is the most common cause of hypoglycemia due to endogenous hyperinsulinemia [2] . When evaluating patients with symptoms of hypoglycemia, a 72-hour fast, which evaluates the integrity of the patient's endogenous suppression of β cell polypeptides in the presence of hypoglycemia, is the standard diagnostic test [8] . Hypoglycemia in patients with insulinoma is characterized by low plasma glucose with an inappropriate level of plasma insulin [9] . Therefore a diagnosis of insulinoma is based on Whipple's triad in addition to the non-suppressed levels of insulin and C-peptide [10] . Service et al. [11] reported that a concentration of plasma insulin greater than 6 µU/mL in the presence of hypoglycemia is indicative of insulin-mediated hypoglycemia, and a ratio of plasma insulin (µU/mL) to glucose (mg/dL) greater than 0.3 is indicative of insulinoma [12] . When plasma glucose levels fall into the hypoglycemic range during fasting, the levels of plasma insulin may fluctuate in patient with insulinoma. However, because clearance of C-peptides from the plasma is slower than that of insulin, C-peptides are less likely to show marked changes in plasma concentrations and should be a valuable adjunct in ascertaining the status of insulin secretion in patients suspected to have insulinoma [13] . During hypoglycemia, patients with insulinoma may exhibit deficient counterregulatory hormone responses, which are reversed after surgical cure [14] . These abnormalities in patients with insulinoma may be associated with hyperinsulinemia per se or recurrent episodes of hypoglycemia [14] . In this case, there were impaired counterregulatory hormone responses during hypoglycemia before surgery, but we did not confirm if there was the reversal of these defective hormone responses after tumor resection. However, the patient did not experience the recurrent episodes of the hypoglycemic symptoms during fasting after surgery.
Although hyperinsulinemia is requisite for the diagnosis of hypoglycemia, insulinomas in patients without abnormal plasma insulin levels and I/G ratios have been reported [3, 13] . However, the mechanism by which this occurs is unclear, although there are several possible considerations for this phenomenon. Insulinoma secretes insulin in short bursts, which causes wide fluctuations in the plasma insulin levels [13] , however, it is unlikely that this occurred in the present case because the plasma C-peptide level was elevated during the hypoglycemic episode. Another possible explanation is that the insulinoma may secrete abnormal insulin which is easily broken down [13] . Although insulin is excessively secreted, most of it may be metabolized in the liver, resulting in normal peripheral insulin levels, which would explain the occurrence of frequent hypoglycemia with normal insulin levels. Also, insulinoma may release excessive amounts of proinsulin, and although circulating proinsulin has substantially less biologic potency than the corresponding insulin molecules, its failure to be suppressed by decreasing glucose concentrations during fasting may result in hypoglycemia [5, 15] . Finally, circulating IGF-II may contribute to hypoglycemia in subjects with insulinoma.
The insulin-like growth factor (IGF) system consists of the IGF ligands (IGF-I and IGF-II), IGF receptors (IGF-I receptor, IGF-II receptor, and insulin receptor) and six IGF-binding proteins [16] . IGF-II is structurally and functionally related to insulin [4] , and can exert an insulin-like activity by binding to the insulin receptor and the IGF-I receptor [17] . In addition, it has been reported that IGF-II is a cause of hypoglycemia by non-islet cell tumors [5] . The circulating levels of total IGF-II in patients with tumor-induced hypoglycemia varies from even normal to modestly elevated in the literature [5, [18] [19] [20] . Overproduction of an incompletely processed form of IGF-II with a higher molecular weight is found in patients with non-β-cell tumors and hypoglycemia, and the free serum IGF-II and pro-IGF-II levels are often elevated [21] . However, the IGF-II levels return to normal after surgical resection of the tumor, which leads to the resolution of hypoglycemia [22] .
Pipeleers et al. [23] , conducted an in vitro study that found that human insulin-producing tissue synthesized and released an insulin-like material of high molecular weight, as well as insulin and pro-insulin. In addition, IGF-II immuno-reactivity has been localized to the insulin-producing beta cells in the islets of Langerhans [24] . Recently, Hoog A et al. [6] reported that, based on immunohistochemical, biochemical and in situ hybridization findings, IGF-II was expressed in insulinproducing tumors. However, Merimee found serum IGF-II concentrations to be within the normal range in patients with insulinoma and hypoglycemia [25] .
In this case, the insulin levels fluctuated with prolongation of the fast; however the plasma C-peptide levels showed no marked variation and were not suppressed. In addition, when hypoglycemic symptoms developed plasma insulin was undetectable, and the plasma IGF-II level was elevated. Additionally, the tumor cells were immunoreactive for insulin and IGF-II. However, after the tumor was removed, the plasma IGF-II level fell to normal, and the hypoglycemia disappeared. Taken together, these results indicate that the tumor in this case was an autonomous insulinproducing tumor that also caused non-insulin mediated hypoglycemia, although we measured total IGF-II and did not distinguish incompletely processed IGF-II from the normal one. The low level of insulin at the time of hypoglycemia excluded surreptitious injection of insulin, and the patient's clinical history was not suggestive of sulfonylurea abuse although the sulfonylurea levels were not measured.
These results of this case suggest that increased plasma IGF-II may be at least partially responsible for the induction of hypoglycemia in patients with insulinoma that reveals an undetectable plasma insulin level; however, additional investigations to evaluate the precise effects of IGF-II produced by islet cell tumors on glucose metabolism are warranted.
